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一般に､ CAl)のデータ交換を行うための中間フォーマットとして､ IGES (Initial Graphics
Exchange Specification) ､ DXF (Drawing Interchange File)やsTEP (STandards for the Exchange

























































































- -A ｡ LH_託し詫態弘血出立虹瓜脳がお.狗.▲主ノ
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率論的な方法には､ Simulated血nealing法(焼き鈍し法･ s A) (4)､ Evolutionary Computation















































よう｡このような計算法には先に挙げたようにGA･ES ･GP ･ EPといった手法があるが､
これらの名称の区別は主として過去の発展の経緯を反映している｡最近はこうした流派にこだわ
らず統一的な見方をしようという動きもあり､その一つの現れとして進化的(型)計算
(Evolutionary Computation)という名称がJournal of Evolutionary Computation ･ IEEE
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Usingthe inverse problem fo-ulated intointegral equations, a design method based onthe
residualCorrection concept has been developed forthe design of a supersonic transport (SST). The
design procedure for supersonic wlngS is iterative method･ The method determinesthe wlng Section
geometry which realizes a specified target pressure distribution atal1 spanstations ofa wing･
Herethe sequence of design tasks is illustrated･ First, a baseline shape is to be guessed. Thenthe now
field around the wlng lS analyzed by now simulation to getthe current CTp distribution on the wlng
surface･ Nextthe inverse problem is solved to obtainthe geometrical correction value Ucorresponding
tothe difference between targetand current pressure distributions ACpI The newwing is designed by
modifyingthe baseline shape using Af Now,the current shapeis updated. The next step is to go back
tothe dowfieldanalysis･ Theflowanalysis is conducted to see if the current shape realizes target
pressure distribution･ If the difference between targetand current pressure distributions is negligible,the
design lS COmpleted･ 0血erwise･the next step is once again to solvetheinverse problem and iteratethe
design loopuntilthe pressure diqerence becomes negligible. This iterativc procedure of reducing the
residual iswidely used in numerical aerodymanic design･
There are two pnmary parts; one is a瓜owanalysis part which conducts grid generationand
Navier-Stokes flow simulation･ It evaluatesthe residual･ The other is a design part wherethe inverse
problem is solved to updatethe wing geometry･ The design part determinesthe correction which is
expected to compensate forthe residual･ Bothparts are completelyindependent &om each other in
terms oftheiralgorithmsand equations.
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The accuracy of a design result depends ontheanalysis part･ The nowanalysis of the present design
method is done by a Navier-Stokes simulation code･ So, designed geometry by the method are valid for
Navier-Stokes nows･ The efnciency of the design method depends onthe design part of the inverse
problem･ The small pe血rbation of the potential flow approximation is adopted forthe formulation of
theinverse problem, whichwill be discussedinthe next section･ To concludethis section,the author
would like to mention one important characteristic of the present design method:the design part handles
notthe瓜ow quantity itself butthe A-form value, which is difference between two states of aflowfield.
Accordingly, withthe present method, one is approximatingthe slight change of a Navier･stokes
加wGeld bythe potentialflowtheorieswiththinwlng approximation.
4-等てl BASIC EQUATIONS ANDGREEN'S FOMm
Asstalted above,the inverse problem of the design part should handlethe A-Value, which is difference
between two states of iflowGeJd. TYle gOalofthe formulation is to obtainthe malthematicalfunction to
rehte ACp to geometrical correction 4f Theflowfleld considered here is shownin Figs 4.1 and 4.2.
They are two projection plots of a 3-Dflow鮎ld. It is a supersomic now点eldwith丘eestream Mach
number greaterthan1･0 (M∞ >1)･ A wing is located altthe I-0 plane. The x-axis is streanwise, the
y-axis is spanwise･ The basic equationandthe boundary conditions areinA--form･AsSumingthatthe
small perturbationtheory holds forthe difference of瓜ow varial)1esand applying a Prandtl-Glauert
transformation the equaltionsarc expressed as
-AQn +AQ" +AQzz =0
孟qi(X･昔, - p3AQz (X･y･d,
ACp+ = -2P2AQx (X, y,±0)
where P=序｢.
I+一and -+α indicatethe physicalquantity onthe upper surface ofawing, while L一一and '一一OT dothat of the
lower surface.
Applying Green'Stheorem tothe basic equation ( Eq･(4.1) )and integralby partswithrespect to t to
avoid singularity, one obtains
AQ(X,y, I) =







4-2-2　mGRAL EQtJATIONS ANDmOPER mGM
In order to exposethe boundary condition A砂andthe unknownshapefunction 4fexplicitJy, one does
further calculuswithEq･(4･4)･ In的A砂is associatedwithAみand 4fis associatedwithAみSo, one
should di飽rendate Eq･(4･4)withrespect to xand I respectively,then takethe limit as I ⇒ 0. There
needs to be specialtreahcnt of the differendating process, becaLWe theintegrand encounters its
singularity at the boundary or inside of the region ofintegration･ One has to applytheLeibmitzrule l3]
when takingthe pardalderivativethroughthe double integral inthe formulation process, becaAWethe
region of integral isthefunction ofdi放き和地ating parameter. onthe top of this, one should be aware of
the o唾r to operatethe double integration, inちand Tl directions, when handling improper integralS.
Two extended ideas l4,5] for htegration have to beintroduced to pr-and evaluatethose improper
integrals which appearintheformulation･ They are described inthe next two subsections. The first
idea is the血ite part andthe other is the principalpart ofanintegral.
Fhite Part bted
Here･the idea for handling improper integrals is briefly desc曲ed･lmproper integraLs whose
integrand becomes singular atthe edge oftheintegral domain commonly appearinsupersonic small
pe止血ontheory･ hthat case,the following formula Is used･ It is recognized as Hadamard･S血ite
part extended by Lomax, Heasletand Fdler l4,5].Let's recal1theLeibmitzrule,
∂
arfG(X･y) dv - G(X･X)･ f警dv　　　　　　　　(4･5)
Duringthe fomulation, G(xJ) is notalways de血ite. hthat case,the following extended血ite




For realistic problems, one canevaluatetheintegralof Eq.(4.6)inthe following marmer that isthe
丘nite part of integral;
r'諾缶砂ニーF(X･1,両宗一F(X･y,]　'4･7'
where Frw) istheinde血iteintegralfortheintegrand of the left-hand-side ofEq..(4.7).
Prhcitml Part ht耶I
me next idea is conceming the process of the I partialderivative ofAQ at罪± 0. Since di飴rendation
is to be donewithrespect to z･ I ca-Ot be set to Oinadvance of the differentiation･ In addition, when
㌘0,theintegrand is not always de血ite･ So, I is set to Owiththe limiting operation a鮎rthe
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differentiation･ The order of integration isalso criticalhere･ A useful formula for a generalized
pru)cipalpart ofintegralhas to beintroduced.
The formula is cited舟om Refs･ 4and 5;that is Cauchy's pnncipal part extended by Lomax, Heaslet
and Fuller.
Here shows CaAIChy's lntegral,that isノ
･-農dq (…y<b,





The improperintegral oftheright-hand-side of Eq.(4.9) can be evaluated in terms of CauchyTs
Principalpart as
f霊慧dq - Gb･b,-G(y, a,
where G(y. q ) isthe indefiniteintegral forthe integrand of the le允-hand-side ofEq.(4.10).
(4.10)
4-2-3　EQtJATIONS FOR TⅡE mRSE PROBLEM
We finally obtain following two equations using the above two ideas･ The first one is obtained by
differentiahg Eq.(4.4)withrespect to x aJld takingthe limit as I - 0;
Awe(X,y) = -AuB(X, y)一書




Aws(X･y) -一露(Af･ - I-)
Similarly, differentiating Eq･(4･4)withrespect to rand takingthe limit as z - 0,
Awo (I,y) = -AuQ (X, y)
(X - i)Ado (孟71)
n JJ
･.レーq)2 (X-i)2 -(y-q)2









Eq･(4･11) is a Volterraintegral equation of the second kind for Aws. Aws is associated withthe
thickness change at (X,y) on awing･ Eq･(4･14) isthe integralexpression for Awo, which is associated
withthe curvature change ofthewing section camber, at (X.y). nleunknowngeometriCalCozTeCtion
functionl Af is calculated using Aws(X,yland Awq(X,y) ;
Aft (X･号) -衷£e.lAws (i, y)±Awo(fJ)]df(4, 17)
The inverse problem of integralequaltions for supersonic 80ws has bee中 formulated to developthe
method･･ The newformuhtion has cnabledusto design a wlng ln SuPerSOnicflows taking into account
of thickness effect of wing sections.
Fig. 4.1 A supersomiCflowfieldand coordinalte system.
(X-y plane)
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RilQ(P), X(P) ,P]= 0　　　　　　　　　　　　　　　　　(5.1)


































































化法を用いた｡このコード化はa; Cによって制御され､ αは(i)における個体の割合､ βま直線部の
長さをそれぞれ表す｡なお､ 0≦α≦1,0≦β≦1である｡
領域(il (0 ≦ riid
ri = ari'　　　　(5･7)
ri'- EI N(0,1)(I)ゐ　　　　(5･8)
pi =qi ･Pni +(FLi -Ji)(2-P)　(5.9)
嶺域(iil (a ≦ riSiA
pi -(FL, -qi)(2-P)





































































































lmitial 番ﾔdB?LP 儡OP 
Value ?(ﾈﾆﾇVR?alue ?３?ヽ血1ue ?３?
CL ??涛田#?- ???#3s"?0.275 ????3?+0.016 
CD ???3CS?- ???3?r?0.523 ???#cs?+1.$82 





























- +- A (Razldom ]nildiお山ozI)
I -● H B (山血Limi吋DistLdazNX)























































































































a 儁GA_3V2000 MOGA:粘性放れ:設計変数(66) :慧書芸霊芝諾:3莞巨"AVipSf○b朋巨芸冨雷雲 -曲げモ-メントJt,Nヒ:-キャンパー 
MGA_211998 僭?,R?
MOGAl非粘性洗れ:設計変数(6) ??
























Aspcct T如　　　CD CD Bendins
rdo Tdo　(血C) (　　nic)　Mo加nt
MGA･31C 1.77　　　0. 1 9　　　0.003890　　　0.006697　　1 7. 87
MGA-3tF 1.82　　　0. 1 9　　　0.003 843　　　0.00646 1　　1 8. 1 7


















































Chord kngthat root 10 < cm < 20
Chord kngthatkink　　　　　　3 < CA棚< 15
hboard spankmgth　　　　　　　2 < bin < 7
0utboard spanlength　　　　　　2 < b.M < 7
hboard sweep angle (deg)　　　35 < 礼/ < 70


















M批imtn thidkncss locatiozL (%)　　1 5 < Xp4 < 70
Fizst deriyadye constad d P4　　　　Zp3 = Zp4 - Zp5





Maximtm thickness locdon (%)　　　　1 5 < Xp, < 70
;End.eni霊V:慧慧pi,5　X,rXhZpix=蓋=,ipih=Zh
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を与えた｡ cFDに用いた計算格子は図4に示すもので､格子点数は181 ×51 ×61である｡計算に要した
時間は､ NEC社のSX4のICPUを用いて1ケースあたり20時間ほどである｡
図4　YX主翼計算格子
図5に一様流マッハ数Ma, =0.7で､動圧を50kPa､ 77kPa､ 100kPaと変化させていったときの､低
次の3つの一般座標の時間履歴を示すムいずれの場合においてもすべての一般座標が､時間とともに減
衰していることがわかる｡この条件では安定であり､フラッタには入っていなVヽ









図8と図9に安定域であるM0 -0.7､ 50kPaのケースと､ LCOが見られたM0 -0.8､ 50kPaのケース
のそれぞれの場合について､実際の変位と空力係数の時間履歴を示すと翼端にいくほど大きく変形して
おり､翼が上に曲がると揚力係数が減少し､抗力係数が増加していることがわかる｡
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過去､ 1 9 5 0年から6 0年代にかけての米国を中心とした超音速､極超音速流れの詳細な研
究は､その後のスペースシャトル､あるいは現在検討されている宇宙往還機の開発においての基
礎知識として未だに用いられている｡また超音速旅客機研究においても､ 1 9 7 0年代前半に米
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